Fingernails as biological indices of metal exposure
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Metal determination in human tissues is the most common application of biological monitoring for screening,
diagnosis and assessment of metal exposures and their risks. Various biopsy-materials may be used. This paper
deals with the quantitative determination of Cd, Pb, Cr, Mn, Fe, Ni, Cu, and Zn concentrations in nails of male
subjects exposed to these metals alongwith their respective controls, while working in locomotive, carriage and
roadways workshops, and lead battery factories. The levels of Cd, Pb, Cr, Mn, Fe, Ni, Cu and Zn in fingernails,
assayed by atomic absorption spectrophotometry, were compared with their respective controls by student ‘t’
test. All the obtained values were correlated to the personal and medical history of the subjects under study. Sig-
nificantly high levels of Cd, Pb, Cr, Fe, Ni, Cu and Zn were present in smokers, compared to nonsmokers. The
concentrations of Cd, Pb, Cr, Mn and Fe were not significantly high in vegetarian subjects. It was also observed
that there is no contribution of liquor towards nail-metal concentration. Significant correlations were observed
between skin disease and Cr, Mn, Fe, Cu; hypertension and Cd, Mn, Cu; mental stress and Cd, Pb, Mn, Ni, Cu,
Zn; diabetes and Cr, Mn, Ni; chest pain and Pb; respiratory trouble and Cr, Mn, Fe, Ni, Zn; tuberculosis and Zn;
acidity and Cd; and ophthalmic problems and Mn, Fe, Ni, and Zn.

[Mehra R and Juneja M 2005 Fingernails as biological indices of metal exposure; J. Biosci. 30 253-257]

1. Introduction

Industrialization, urbanization, mining operations, increa-
sed vehicular traffic and use of fertilizers and pesticides
in agriculture have resulted in increased metal contamina-
tion in our environment. Not only the occupationally ex-
posed workers (high-risk population group) but the
community at large (low-risk population group) may suf-
fer due to increased metal pollutants in the environment.
Though certain essential trace elements are required in trace
amounts for various physiological processes; but, at higher
concentrations, these micronutrients tend to be toxic and
derange various physiological processes, leading thereby
to diseases. Therefore, it isimportant to determine the metal
concentrations in humans to monitor and assess their im-
pact on human health (Florence 1990; Oluwole et al
1994; Ather and Vohora 1995; Satake et al 1997; Nath
2000). Among various biopsy materials; blood, hair, nail,
teeth and other body fluids may be used as bioindicators
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for this purpose. Unlike blood that gives transient concen-
trations, nails can provide a continuous record of trace
element concentrations of the body (Wilhelm and Hafner
1991). They can be easily sampled and analysed for ac-
cumulated toxic and essential metals in the tissue. Studies
on nails as bioindicators have been reported by Vance
et al (1988), Hayashi et al (1993), Oluwole et al (1994)
and Chaudhary et al (1995). However, studies on correla-
tion of nail-metal levels with different parameters, as well
as with various health disorders are scarce.

As a continuation of our earlier studies (Mehra and
Junegja 2003a,b,c, 2004), here we report the nail-trace
metal levels (Cd, Pb, Cr, Mn, Fe, Ni, Cu and Zn) in dif-
ferent age groups of subjects with varying personal habits
and prone to the hazards of trace metals in their occupa
tional environment. For this study, we have used finger-
nails as biopsy material. Male subjects of matching ages
in different groups were taken as controls who were se-
lectively chosen on basis of their specific habits so as to
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avoid influence of one parameter on the other. For this,
the subjects were personally interviewed and a question-
naire with details of their personal and medical history
was filled.

2. Materials and methods
2.1 Sample collection

For collection of nail samples, volunteers were asked to
wash their hands thoroughly with distilled water and
medicated soap devoid of metal contamination, followed
by drying with clean towel or tissue paper to remove any
external contamination. Using clean stainless steel scis-
sors fingernail samples of male subjects (age 11-60
years) were collected from the fingers. For subseguent
analysis, each of the nail sample (1 g) was sealed in plas-
tic cover till it was washed, dried, digested and converted
into awater-clear solution.

2.2 Procurement of requisite details of subjects

The personal and medical history, alongwith relevant de-
tails of the subjects taken for study were obtained through
a questionnaire based on recommendation of World Health
Organisation (WHO). The information required to be filled
in the proforma included sex, age, personal habits (smok-
ing, drinking and food), place of residence, occupation
and any possible prior metal exposure.

2.3 Washing

For washing of nails, the nail samples were scrapped and
cleaned of dust particles with nonionic detergent (Triton
X-100) following a standardized washing procedure
(Gammelgaard et al 1991). Subsequently the nails were
soaked in acetone to remove external contamination, rinsed
five times with deionized water, dried in an oven and
stored in a dessicator.

2.4 Wet-acid digestion and preparation of
water-clear solution

For wet acid digestion, the dried nail samples were diges-
ted with 10 ml of 6: 1 mixture of concentrated nitric and
perchloric acid kept overnight at room temperature to
prevent excessive foaming and subsequently heated at
160-180°C until the mixture was water clear and less
than 1 ml of the solution remained. (The organic matter is
destroyed by wet-acid digestion and the solution contain-
ing the metal in its elemental form is obtained.) Each
sample solution was then diluted with 0xL N nitric acid.
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2.5 Analysis

The concentrations of the metals were assayed by using
Perkin Elmer AAS model 250 Plus with air acetylene
flame. A series of standards were prepared in deionized
water for instrumental calibration by diluting commercial
standards containing 1000 ppm of the metals. All re-
agents used were of analytical grade procured from
Merck (Germany) free from any metal contamination. A
number of blanks were prepared for minimization of con-
taminated errors. The main instrumental parameters (like
band width, lamp current and wavelength) for estimation
of metals by atomic absorption spectrophotometer were
set-up separately for each metal. Adequate quality control
was ensured by way of interlaboratory analysis of repre-
sentative samples at Industrial Toxicological Research
Centre (Lucknow), National Physical Laboratory (New
Delhi), National Institute of Occupational Health (Ahme-
dabad) and Indian Bureau of Mines (Ajmer) observing
the standard protocol in measurements. The results ob-
tained were in agreement with one another. In view of
nonavailability of nail Certified Reference Material, this
study is a step towards preparation of standard reference
material for laboratory use.

2.6 Satistical analysis

The values of metal levels in nails are presented as arith-
metic mean in pg/g with standard deviation and tabulated
to illustrate concentration profile over each group. The
statistical significance of mean values between different
groups has been determined by applying student ‘t’ test.
The level of significance was set at P < 0%05.

3. Resultsand discussion

The results of the quantitative analyses of fingernails for
Cd, Pb, Cr, Mn, Fe, Ni, Cu and Zn are given in table 1.
The samples analysed were categorized according to their
personal habits (smoking, food and drinking) and medical
history. The pathological symptoms related to different
health disorders in subjects working in metal-polluted en-
vironment are skin disease, hypotension, hypertension,
mental stress, diabetes, chest pain, respiratory trouble,
cardiovascular problem, tuberculosis, acidity, ophthalmic
problem and hepatitis B. Age- and sex-matched controls
were also selected from the same work environment i.e.
similar sampling sites. The values of almost all metals
investigated except Mn were significant, Cd and Cr being
particularly higher. Smoking was found to be a contribut-
ing factor to higher bioaccumulation of Cd as also re-
ported by other researchers (Chattopadhyay et al 1990;
Sukumar and Subramanian 1992). The high Cr concentra-
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tion obtained may be attributed to the Cr content in to-
bacco leaves which might get incorporated in the leaves
from the soil. High level of Cr in smokers have also been
reported by Sukumar and Subramanian (1992). Besides
tobacco, main sources of metal in cigarettes are wrapping
paper and the filter. However, effect of smoke expired by
smokers on nonsmokers on inhalation, was eliminated by
choosing subjects who do not remain in the vicinity of
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smokers by and large. High level of iron observed is
probably due to the presence of iron oxide fumes in the
environment of workplace as various processes involved
emanate oxides of iron. Significant Ni levels in smokers
compared to nonsmokers have also been reported by
Wolfsperger et al (1994) at significant level of P < 0%005.
Besides this, the inhalation of vapors of nickes carbonyl
from the worktype (welding, fitting, etc.) also cause ele-

Tablel. Mean (ug/g + SD) and statistical significance of trace metalsin nails with respect to various parameters.

No.of Agein
Subjects samples years Cd Pb Cr Mn Fe Ni Cu Zn
With respect to smoking habit
Smokers - 11-20 - - - - - - - -
Non-smokers 20 11-20 087+ 0%1 1637 *+ 6583 87X6 £ 26582 17X5+ 992  288%5 + 4006 5686 + 139 844 + 4%5 110529 + 438
Smokers 20 21-30 0X6 + 081* 56%8 + 1927* 10360 £ 39¥3 111+ 529 424%8 + 7943* 6829+ 1781 443+ 142* 16148 + 3343
Non-smokers 20 21-30 042+ 042 3760+ 767 10264 + 16%62 2004 + 748* 15698 + 2837 6326 + 1586 168 + 06 18444 + 32x42*
Smokers 20 3140 3B6+ LBI* 7609+ 2843* 12603+ 5269 1604+ 1¥1 32660 + 5342* 7847 + 1565* 607 £ 143*  192:88 + 4261
Non-smokers 20 3140 141+ 083 4986+ 1796 13143 +5040 2289+ 881* 25987 + 4649 6526 + 1308 481 + 168 190529 + 3426
Smokers 20  41-50 149+ 0X2* 8088+ 3994* 12967 + 441 1387+ 189 38205+ 10209* 7001+ 1706 684+ 182 16686 + 2978*
Non-smokers 20 41-50 0¥3+ 081 60¥4+4291 12847+ 3969 1301+492 288%8 + 5762 6689 £ 2947 307 + 139 13221 + 3245
Smokers 20 5160 127+ 0B9* 927 + 5367 15648+2943* 1586+ 507 31620 + 9427¢  93:B1+ 2649* 2607 + 1684* 17283 + 3685
Non-smokers 20 5160 069+ 081 2002+ 15%8 9264 + 26%62 1887 £ 88 273¥5 + 7845 6169 + 12:86 1047 + 582 160%3 + 32¥2
With respect to food habit
Vegetarian 13 11-20 080+ 021 1645+ 426 6845 + 1554 26%8 + 6567 32730 + 9423 6285+ 1642 945+ 192 17795+ 15x42*
Non-vegetarian 8 11-20 009+ 0¥2 1592 * 367 8981 £ 16%62* 391+ 16 7* 358%5+ 121869 7493+ 2447 744+ 3%6 16226 + 25%64
Vegetarian 14 21-30 041+ 023 1984+ 584 9827 + 2184 2001 £ 943 34021 +£ 1189 4283+ 14%68 806+ 1:85F 18228 + 2260*
Non-vegetarian 15 21-30 101+ 043* 3346 + 7502  102¥9 £ 3029 4349+ 1047* 50386 + 246°83* 6201+ 1747* 6032 + 161 15244 + 2323
Vegetarian 16 3140 0¥3+0%1 15%65+ 244 11224 + 3785 19%2 + 649 37443 £ 10985* 767 £ 1382 1486+ 3B0* 210333 + 36x1
Non-vegetarian 33 3140 181+ 0¥1* 5063+ 130* 13595 + 4245* 2943 + 1069 29882 + 11221  84%7 + 268 941+ 420 197586 + 2129
Vegetarian 17 41-50 188+ 043 23¥0* 781 8591 + 36X7 1481+ 664 314%9 £ 12220 8548+ 1987 689+ 340 18122 + 22X9
Non-vegetarian 54 41-50 123+ 042 3666+ 1063* 9344+ 882 166 + 3996 32927 £ 10807*  79%7 + 246 782+ 289 17025 + 3981
Vegetarian 13  51-60 082+ 0566 2241+883 129562+ 4306 1867+ 629 31144 + 9097 8940+ 265 1181+ 206* 16947 + 1868
Non-vegetarian 19 5160 103+0¥2 3523+ 15X8* 11624 4982 1700+ 741 35668 + 9142 84505 + 2983  6X4 + 249 174583 + 2986
With respect to drinking habit
Liquorusers - 11-20 - - - - - - -
Liquornonusers 20 11-20 087+ 0%1 1861+ 1148 72%2 1899 17283 + 403 28865 * 4095 6323+ 906 848+ 165 110529 + 438
Liquorusers - 21-30 - - - - - - -
Liquornonusers 24 21-30 0%9+084 1948+ 821 7892+ 16%6 1885+ 540 354,36 + 8692 4826 £ 1647 985+ 0004 147538 + 2682
Liquorusers 32 3140 201+ 141* 3365+ 962 8629 £ 3542 1923+ 6337 31281 + 91%7 6161 + 14x44 1048 + 2x46 186%2 + 2345
Liquornonusers 36 3140 089+042 30%61+ 1403 99:88 £ 3243  17¥0 + 467 36443 + 9820* 6663 £ 2364 1225+ 1:86* 20766 + 3502*
Liquorusers 34 4150 001+0¥9 19¥5+583 8444 + 745 1440+ 404 296598 + 8265 5383+ 1805 746+ 143 16782 + 1962
Liquornonusers 60 41-50 0¥2+0x42 23%51+1086 102¥4+ 3043 1337 + 2226 40061 + 1543* 786 £ 2891* 846+ 345 17227 + 2455
Liquorusers 12 51-60 143+0%1 3029+ 8%63* 8396+ 18%5 1845+ 482 32123 + 107:81* 8182+ 3683 689+ 144 15904 + 1347
Liquornonusers 19 51-60 0901+089 24%51+1148 101905+3645 1629+ 584 255%3 + 95%3 7386 £ 2848 984+ 388  158¥7 + 1468
With respect to health disorders
Controls 20 - 099 + 0582 2021+ 647  86%2+3380 1047+209  286%1 + 5561 5624 + 1348 763 + 1X46 180%60 + 4584
Skin Disease 20 - 168 + 0%63 2000+ 742 16865+ 4962* 2565 + 1002* 36825 + 7725* 5804 + 2628 1243 + 304* 18403 + 3769
Hypotension 20 - 102 + 0¥8 2003+ 381 9084+ 1986 1194+501 30381+ 6248 55:86 + 2427 1052 + 8%69 200565 + 9764
Hypertension 20 - 131 + 0%1* 1625 + 6%3 8044 £ 1664 1747 £ 480* 30843 + 59094 3849 + 10644 16594 + 76* 15342 + 2202
Mental stress 20 - 201+ 149* 3892+ 882¢ 10064 +48%0 1685+ 1006* 30679 + 4886 8257 + 2366 1897 + 6:83* 28669 + 4003*
Diabetes 20 - 0598 + 0’62 1923+ 446 17084 + 56x8* 25%64 + 597  294¥0 + 868* 10493 + 35%5* 782 + 169 17827 + 228*
Chest pain 20 - 103 + 0568 12942 + 6147 83330 + 1182 88 + 239 27352 + 485 4943 + 1884 8%1 + 207 156x49 + 2784
Respiratory 20 - 162 + 0¥1 1502 + 582 17202 + 66%64* 3265 + 1267 57403 + 879* 12101 + 28%64* 7X5 = 149 24297 + 2345*
trouble
Tuberculosis 20 - 081 + 062 2401 £ 742 7922 +2485 1194+ 748 29766 + 8322 4822+ 926 682+ 291 25394 + 3241*
Acidity 20 - 5%63 + 459* 1345 + 281 8181+ 2869 1160 + 547 22608 + 9847 2628 £ 19%62 648 + 181 15042 + 1429
Ophthamic 20 - 01 + 043 1436 + 469 7482 +30%61 16¥8+ 649* 59829 + 1464 7* 9823 + 46226* 786 + 1566 23384 + 5428*
disease
Hepatitisb 20 - 162 + 088 8%64 + 346 8449 + 2849 881 + 336 21163 + 3841 5605 + 2260 648+ 1¥3 12523 + 2589

*Values significant at P < 0505 with respect to their respective controls.
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vation in Ni levels. The possible source of Cu in smokers
may be due to insecticidal sprays on soil-producing to-
bacco.

Student ‘t’ test between vegetarian and non-vegetarian
subjects reveal that Cu and Zn was significant in vegetar-
ian subjects in contrast to Cd, Pb, Cr, Mn and Fe. Chmiel-
nicka and Cherian (1986) have reported that beef, and
meat contains highest amount of Cd compared to vegetarian
food. Significantly high levels of Mn were found in nails
of nonvegetarian subjects in lower-age groups. It has
been reported that dietary fibre has greatest negative effect
on Mn bioavailability. From the table it is clear that Fe, a
nutritionally essential metal, was found to be significant
in nails of nonvegetarian subjects particularly between 21
and 30 years age group and in vegetarian subjects bet-
ween 31 and 40 years. Such results may be possible be-
cause nonvegetarians may also consume vegetarian diet.

Parametric test between liquor users and liquor nonus-
ers reveal that liquor is not a contributing factor to metal
accumulation, since apparently there is no source of met-
als during liquor production and therefore, as such no
correlation exists (Pandey 1994). Although data in rela-
tion to this parameter is scarce, high levels of Cu in liquor
nonusers could be due to exposure.

Significant test between controls and subjects showing
pathological symptoms of various diseases revea signifi-
cant correlations between skin disease and Cr, Mn, Fe,
Cu; hypertension and Cd, Mn, Cu; mental stress and Cd,
Pb, Mn, Ni, Cu, Zn; diabetes and Cr, Mn, Ni; chest pain
and Pb; respiratory trouble and Cr, Mn, Fe, Ni, Zn; tuber-
culosis and Zn; acidity and Cd; and ophthalmic trouble
and Mn, Fe, Ni, Zn. The positive correlations between
skin disease and Cr, Mn, Fe and Cu reveal that these metals
play some role in causing skin disorders. It has been re-
ported in literature that Cr in higher concentration is as-
sociated with skin lesions (Mido and Satake 1995) and Ni
with skin allergies (Peters et al 1991; and Menne et al
1987). Cd, Mn and Cu have been observed to be causa-
tive factor for hypertensive subjects. Out results for Cd
are also supported by those of other workers. Significant
levels have been obtained from male hypertensives who
were not occupationally exposed subjects, but suffering
from hypertension (Sukumar and Subramanian 1992).

Significant relation was observed between nail Cd, Pb,
Mn, Ni, Cu, Zn and mentally stress subjects. Clinically
high lead encephalopathy in children with high exposure
to lead (Nath 2000), neurological complaint similar to
Parkinson’s disease due to Mn (Bell 1988) has been repor-
ted. The neurological disorder known as manganism may
result from occupational exposure to manganese dust and
fumes (Krishana Murti and Vishwanathan 1991). Workers
with chronic headache and dizziness have higher levels of
Cr, Mn and Pb in the hair, working in fireworks factory
(Sukumar and Subramanian 1992).
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Lead was found to be significant in subjects with com-
plaint of chest pain showing a relationship between lead
levels in exposed subjects and heart ailments. Lead has
been reported to cause heart ailments by raising the blood
pressure through its attack on the specific sites and cellu-
lar elements of the nervous system (Seth 1998).

In our study, Cr, Mn, Fe, Ni and Zn levels in workers
suffering from respiratory trouble were significantly high
compared to controls, whereas Cd, Pb and Cu were not
significant. However, this observation cannot be solely
attributed to the disease factor. The significant levels of
Cr, Mn and Ni in diabetic patients; Zn in tuberculosis
patients, Cd in acidity cases; Mn, Fe, Ni and Zn in sub-
jects with ophthalmic problems and no metal of signifi-
cance in hepatitis B subjects found in our study, need
further investigation.

Trace/toxic elements play a vital role in human health,
yet there is obviously a great deal of concern about the
optimum intake and the safe range of each element. More
investigations are required. Significant levels of these
metals in nail samples indicate the presence of these met-
alsin the environment in the workplace of the subjects, as
well as their proneness to the illness and hazards of these
metals, in cases of long term exposure.

An overall view of the results obtained for trace/toxic
metals and its corelationship with different diseases al-
though establish the use of nails as a diagnostic tool but
still more number of studies on a larger portion of the
population will enhance the merit of such investigations
and their applications in medical and forensic sciences.
They will lead to preparation of standard reference mate-
rial of nail by adopting necessary quality control measures
and enhance the reliability of the results. Interlaboratory
analysis is therefore being done to help establish the use
of nails as bioindicator for metals. It is also deemed es-
sential that certain preventive measures including use of
hand gloves and masks should be taken to safe guard the
health of the people exposed to metals.
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